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Objectives: We noted substantial differences when measuring repeatedly the same abdominal aortic aneurysm (AAA) on
the same computed tomography (CT) scan. This study quantitated this variability, and methods to minimize it were
developed.
Methods: The CT maximal diameter of 25 AAAs was measured by eight experienced observers, including six vascular
surgeons and two radiologists, using two methods: an unstandardized protocol, and a standardized protocol using fine
calipers to carefully measure the largest diameter perpendicular to the estimated aneurysm centerline, from outer
aneurysm wall to outer wall. The average measurement difference between observers was calculated for each method. The
average difference between each observer’s measurement and the official radiology report value was also calculated.
Agreement between the two measurement methods was assessed with Bland-Altman plots.
Results: The difference in maximal diameter measurements between each observer averaged 4.0  5.1 mm (range,
0.0-35.0 mm) with the unstandardized method. The mean measurement difference with the standardized protocol was
significantly lower, and averaged 2.8  4.4 mm (range, 0.0-26.0 mm; P < .05). Measurements taken from the official
radiology report differed from each of the observer’s standardized measurement by an average of 5.0  6.3 mm (range,
0.0-28.0 mm). This difference was similar for both the unstandardized and standardized methods. Bland-Altman plots
confirmed the wide variation of the maximal diameter measurements when the unstandardized method was compared
with the standardized method (95% confidence interval, 9-9 mm).
Conclusions: Routine CT maximal diameter measurement of AAAs can have substantial interobserver variability.
Standardized measurement protocols can decrease, but not eliminate, this measurement variability. Thus apparent size
changes based on CT measurements may represent measurement artifact rather than actual aneurysm growth or
shrinkage, particularly when a standardized system is not used. (J Vasc Surg 2004;39:811-5.)Most decisions regarding treatment of abdominal aor-
tic aneurysm (AAA) are based on evaluation of absolute
maximal diameter size or growth rate. This is true for the
preoperative evaluation of patients with AAAs who are
being considered for open or endovascular aneurysm repair
(EVAR). These measurements take on heightened impor-
tance after EVAR, when the need for secondary interven-
tions is often determined by maximal diameter measure-
ments on serial computed tomography (CT) scans.1-7
The accepted relationship of AAA size and growth to
rupture risk is based on historical data. These data are
presumed to be an accurate portrayal of the natural history
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doi:10.1016/j.jvs.2003.11.042of AAAs of a given maximal diameter. Moreover, it is
presumed that the diameter measurements in these studies
are reproducible. However, if the aneurysm maximal diam-
eter measurements used in these studies are not reproduc-
ible, many of the results and conclusions derived from these
studies may be misleading when applied to individual pa-
tients.
Because we have observed that repeated measurements
of the same AAA on the same CT scan by the same and
different observers can be quite variable, we designed a
study to quantify this variability. We also devised a method
to minimize it.
METHODS
To determine interobserver measurement variability
the CT maximal diameter of 25 AAAs was independently
measured once by eight experienced observers, including
six vascular surgeons and two radiologists. The 25 CT scans
were randomly selected in patients with AAAs before oper-
ative repair. All CT was performed with a high-speed spiral
CT scanner (General Electric Medical Systems, Waukesha,
Wis). Twenty-two of the 25 scans were obtained with a
standard vascular protocol, with 150 mL of intravenous
contrast agent (Iohexol 300/Omnipaque 300; Sanofi-
Winthrop, New York, NY) injected at a rate of 3 mL/s with811
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without intravenous contrast agent, because of the pres-
ence of chronic renal insufficency. All CT was performed
with 5-mm collimation, with images reconstructed every 5
mm.
Four weeks after obtaining the initial set of measure-
ments, in an attempt to improve on accuracy the same eight
observers again measured the CT maximal diameter of the
same 25 AAAs using a standardized protocol. The stan-
dardized protocol included the use of fine calipers; setting
of the outer aneurysm wall as a boundary for measurement
limits; measuring the maximal AAA diameter perpendicular
to the estimated aneurysm centerline; meticulously exclud-
ing retroperitoneal structures, for example, the inferior
vena cava, lymph nodes, and small bowel; and measuring at
eye level to avoid parallax error.
The mean measurement difference between each ob-
server on each CT scan was determined for the standard-
ized and unstandardized methods. This value was deter-
mined by calculating the difference between each observer
and the seven other observers in all possible combinations,
yielding 27 measurement differences per CT scan. The
mean of all measurement differences on all 25 CT scans was
recorded as the mean measurement difference. Statistical
significance between measurement methods was calculated
with the Student t test. In addition, with the MedCalc
statistical program (version 7.2.0; MedCalc Software,
Mariakerke, Belgium), the differences between each ob-
server were also plotted against the respective means to
obtain Bland-Altman plots,8 indicating the limits of agree-
ments of agreement (95% confidence interval [CI]) be-
tween the observers and the two methods.
The official radiology reports of the 25 CT scans were
then collected, and the maximal diameter measurements
listed were recorded. The mean difference was calculated
between each observer measurement and the maximal di-
ameter measurement recorded in the official radiology re-
port for each measurement method.
In addition, for each individual CT scan the average
aneurysm measurement and its standard deviation for all
eight observers was calculated. These values were recorded
for each of the two measurement methods.
RESULTS
The mean AAA diameter measurement difference for
all eight observers on all 25 CT scans with both methods of
measurement is shown in Table I. The difference in maxi-
Table I. Average measurement difference between
observers for each method
Measurement method
Average measurement difference
Mean  SD (mm) Range (mm)
Unstandardized 4.0  5.1* 0.0-35.0
Standardized 2.8  4.4* 0.0-26.0
*P  .05.mal diameter measurements between each observer aver-
aged 4.0  5.1 mm (range, 0.0-35.0 mm) with the un-
standardized method. When the standardized
measurement method was used, the mean measurement
difference between observers was significantly decreased,
and averaged 2.8  4.4 mm (range, 0.0-26.0 mm; P 
.05).
The Bland-Altman plots revealed a large scattering for
the maximal diameter measurements obtained with the
unstandardized method when all observer measurements
were compared (95% CI, 6-14 mm). Conversely, the
limits of agreement with the standardized method were
significantly reduced (95% CI, 5-11 mm). Although the
mean difference between the two methods was 0.0, Bland-
Altman plot analysis revealed poor agreement between the
measurements obtained with the unstandardized method
compared with those obtained with the standardized
method (95% CI, 9-9 mm; Fig 1).
Measurements taken from the official radiology report
differed from each of the observer’s standardized measure-
ments, on average by 5.0 6.3 mm (range, 0.0-28.0 mm).
This measurement difference was similar for the unstand-
ardized method, averaging 5.0  6.7 mm (range, 0.0-37;
Table II).
The average aneurysm measurement and standard de-
viation for each aneurysm on each individual CT scan is
represented in Fig 2 for the unstandardized method, and in
Fig 3 for the standardized measurement system. The CT
measurements with the largest variability, as represented by
the largest standard deviation, corresponded to the most
tortuous aneurysms in our series. There was no consistent
pattern for the direction of differences in measurement
between methods or observers, or when measurements
were compared with the radiology report.
DISCUSSION
Measurement of CT maximal diameter is considered
the most accurate method generally available for determin-
ing AAA management, and is most widely used.9-11 There
is currently no standardized method for obtaining this
measurement. Our data show there can be substantial
variability in the measurement of AAA maximal diameter
on the same CT scan. Average measurement variability of
maximal diameter on the same CT scan is 4 mm, and can be
as much as 35 mm. There is even greater variability when
observer measurements are compared with the unstandard-
ized measurements recorded on the radiology report. This
Table II. Average measurement difference between
radiology report and each observer for each method
Measurement method
Average difference from radiology
report
Mean  SD (mm) Range (mm)
Unstandardized 5.0  6.7 0.0-37.0
Standardized 5.0  6.3 0.0-28.0
agree
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enced and interested in issues relating to AAA size. There-
fore, without use of a standardized system, true change in
aneurysm size, as assessed with CT, is greater than approx-
imately 4 mm. In addition, recent randomized comparisons
Fig 1. Bland-Altman plots reveal poor
Fig 2. Variability of each individual computedof observational and surgical treatment of AAAs suggest
that the size at which elective repair of most AAAs is
indicated should be increased to 5.5 cm.12,13 If the same
measurement techniques that were used in these studies are
not used for measurement, the reader must continually be
ment between measurement methods.
graphy scan with the unstandardized method.tomo
d tom
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this variability into account when making decisions for
treatment in individual patients.
Our study also revealed that use of a standardized
method for measurement significantly decreased interob-
server measurement differences, although it did not elimi-
nate them. Even with standardization, there was an average
2.8  4.4 mm difference in maximal diameter measure-
ments, with the differences ranging up to 26 mm. Thus,
even with careful maximal diameter measurements and
with use of a standardized system, an aneurysm cannot be
considered to have significantly changed in size unless there
is more than approximately 3 mm of measured growth or
shrinkage on serial CT scans.
In addition, the present study revealed poor agreement
between the measurements obtained with the unstandard-
ized method and those obtained with the standardized
method. For measurements obtained with the unstandard-
ized method, Bland-Altman plots show limits of agreement
(95% CI) of 9 mm below and 9 mm above the measure-
ment obtained with the standardized method. These wide
limits of agreement on Bland-Altman plots again highlight
the variability that exists when different systems are used to
calculate maximal diameter measurements.
It is widely accepted that accurate and reproducible
AAA measurements are important for the preoperative
evaluation of AAAs and as a method of follow-up after
EVAR. Although described in animal14,15 and ex vivo16
models, there is currently no noninvasive method for mea-
suring intra-aneurysm pressure over the long term after
EVAR. Therefore evaluating changes in AAA size on CT
scans is of great importance. Aneurysm enlargement after
Fig 3. Variability of each individual computeEVAR necessitates consideration of secondary interven-
tions.1-7 However, this presupposes that the variability of
CT measurements is small enough to determine a true
increase in AAA size. Again, the issue of variability of CT
maximal diameter measurements becomes important. Our
data indicate that there may be substantial variability in
these measurements, and those involved in management of
patients after EVAR should be aware of this variability and
make every effort to minimize it by standardizing measure-
ments.
Recognition of AAA maximal diameter measurement
variability has also been reported by others.17,18 Lederle et
al17 reported an interobserver difference of 5 mm or greater
in 17% of measurement pairs when comparing maximal
diameter measurements of AAAs on CT scans.
On the basis of our data, we recommend standardiza-
tion of AAA maximal diameter measurements in an attempt
to decrease interobserver and interinstitutional measure-
ment variability and to make AAA maximal diameter mea-
surements on CT scans more reproducible and comparable.
One such standardized system is the one we used, which is
similar to others and included use of the outer aneurysm
wall for measurement limits; use of calipers, which de-
creases measurement variability17,19; measurement at eye
level to avoid parallax error; and measurement of the axis
perpendicular to an estimated aneurysm centerline rather
than routine anteroposterior or transverse measurements.
For tortuous aneurysms, when it is unclear which axis is the
true maximal diameter, three-dimensional reconstructions
may be used to improve accuracy by defining this axis more
clearly.
ography scan with the standardized method.
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all relevant CT scans should be available for direct compar-
ison to ensure that similar techniques, axis measurements,
and anatomic locations are used. Newer technologies, such
as aneurysm volume measurement, may also prove helpful
in the future,20,21 but these measurements will also have to
be standardized. There are also several image software
packages that facilitate diameter measurements through the
use of magnification and precise cursor placement. Our
study included many patients referred from other institu-
tions with hard-copy CT scans. Although we think these
computer-assisted measurements are valuable and can be
used effectively with the protocol we suggest, they were not
used in this study.
In conclusion, our study data demonstrate that appar-
ent size change based on measurement of the maximal AAA
diameter on CT scans may not be a true reflection of
aneurysm growth or shrinkage. Although interobserver
measurement variability can be lessened by standardization
of measurement techniques, it cannot be eliminated. These
findings have major implications in patient management, in
long-term follow-up of patients undergoing EVAR, and
should be considered when interpreting previous natural
history studies.
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